ABSTRACT Necrophagous blow ßy species (Diptera: Calliphoridae) are the most important agents for estimating the postmortem interval (PMI) in forensic entomology. Nevertheless, the oviposition preferences of blow ßies may cause a bias of PMI estimations because of a delay or acceleration of egg laying. Chrysomya megacephala (F.) and C. rufifacies (Macquart) are two predominant necrophagous blow ßy species in Taiwan. Their larvae undergo rather intense competition, and the latter one can prey on the former under natural conditions. To understand the oviposition preferences of these two species, a dual-choice device was used to test the choice of oviposition sites by females. Results showed when pork liver with and without larvae of C. rufifacies was provided, C. megacephala preferred to lay eggs on the liver without larvae. However, C. megacephala showed no preference when pork liver with and without conspeciÞc larvae or larvae of Hemipyrellia ligurriens (Wiedemann) was provided. These results indicate that females of C. megacephala try to avoid laying eggs around larvae of facultatively predaceous species of C. rufifacies. However, C. rufifacies showed signiÞcant oviposition preference for pork liver with larvae of C. megacephala or conspeciÞc ones when compared with pork liver with no larvae. These results probably imply that conspeciÞc larvae or larvae of C. megacephala may potentially be alternative food resources for C. rufifacies, so that its females prefer to lay eggs in their presence. When considering the size of the oviposition media, pork livers of a relatively small size were obviously unfavorable to both species. This may be because females need to Þnd sufÞcient resources to meet the food demands of their larvae. In another experiment, neither blow ßy species showed an oviposition preference for pork livers of different stages of decay. In addition, the oviposition preferences of both species to those media with larvae were greatly disturbed in a dark environment. If we removed the larvae that had previously fed on the pork liver and let the females choose, no oviposition preference was observed; but both species still showed a preference for the larger media in the dark. This suggests that female blow ßies can use visual cues to recognize larvae on the media and decide on their oviposition site. Our studies point out the effects of some biotic and abiotic factors which were previously overlooked, and remind us to reevaluate these effects on oviposition, especially when using insect developmental data to estimate PMIs.
In the Þeld, carcasses often receive more blow ßy (Diptera: Calliphoridae) eggs than they can support to allow the maximum number of larvae to mature (Fuller 1934 , Norris 1965 , Wells and Greenberg 1992 . For necrophagous insects, carcasses are like ecological islands that have just emerged from the ocean, possessing resources that have not been used (Beaver 1977) . The larval stage of blow ßies is the major period of nutrient ingestion during their entire life cycle, when they devour the largest amount of food before complete exhaustion; the larvae also show scrambling behavior (Zuben et al. 2001, Gomes and von Zuben 2005) . This indicates that there is furious competition between inter-or intraspeciÞc larvae on carcasses Greenberg 1994, Faria and . Additionally, necrophagous blow ßies can be the counterpart of the oviposition preference-offspring performance (P-P) hypothesis. According to the P-P hypothesis, when insects use scattered resources, and their larvae show weak dispersal abilities, females should evolve oviposition behaviors that lead to a maximization of offspring Þtness (Ellis 2008) . For these reasons, blow ßy females should show oviposition preferences between different oviposition media. Gião and Godoy (2007) indicated that predation of other species can inßuence the oviposition behavior of blow ßies. According to Shah and Sakhawat (2004) , blow ßies show signiÞcant preferences between dif-ferent colors and decomposition stages of ßesh. We presumed that blow ßies do have oviposition preferences, and the preferences are inßuenced by interactions between different blow ßy species and other factors.
C. megacephala and C. rufifacies are two of the most dominant necrophagous blow ßy species in Taiwan (Shiao and Yeh 2008) . These two species are also common around the world; they are distributed in their original habitats, the Oriental and Australasia Regions, and have also invaded the Paleoarctic, Nearctic, and Neotropical Regions (Baumgartner 1988, Watson and Carlton 2005) . In the Þeld, their larvae undergo furious competition, and C. rufifacies shows facultative predacious behavior, thus it exhibits cannibalistic behavior and also preys on C. megacephala (Goodbrod and Goff 1990) . The complex competition and predation behaviors might strongly affect their survival strategies. Goff (2000) has observed that if C. rufifacies arrives before C. megacephala, it delays egg laying until after C. megacephala arrives. In forensic entomology, ages of necrophagous blow ßy larvae are commonly used to estimate the postmortem interval (PMI) of victims or animals (Catts and Goff 1992) . The oviposition preference of females can directly affect the PMI estimation by delays or acceleration of egg laying. In this study, we devised a series of experiments to understand the oviposition preferences of these two blow ßy species and if they are inßuenced by different biotic and abiotic conditions.
Materials and Methods
Oviposition Media. Because pork liver was proven to be one of the most attractive natural materials for the adult blow ßies (Bunchu et al. 2008) , we decided to use it as the oviposition media in the following experiments. Unfrozen fresh liver was purchased on the experimental day from a warm body pork butcher shop at the traditional market and used for each experiment.
Experimental Insect Population. Laboratory populations of C. megacephala and C. rufifacies were obtained from samples collected by traps modiÞed from Chen et al. (2004) near the Agricultural Entomology Building, National Taiwan University, Taipei, Taiwan. After capturing the ßies, pork liver was provided to induce egg-laying. Adult ßies were identiÞed to species level using the external morphology and male genitalia based on Kano and Shinonaga (1968) .
Adults of these laboratory colonies were maintained at 28 Ϯ 0.5ЊC with a 12:12 (L:D) photoperiod in cages (30 ϫ 30 ϫ 30 cm 3 ) that surfaces covered with nylon gauze in an independent growth chamber, and water and a mixture of sugar and milk powder were provided as food. Pork livers were provided 1 or 2 d after eclosion to promote the development of ovaries. When the ßies reached sexual maturity, pork livers were provided for egg laying. Maggots were reared on an artiÞcial diet of a mixture of Þsh meal: yeast: agar: water in proportions of 25: 10: 1: 150, as detailed by Hung (1995) .
Dual-Choice Oviposition Preference Experiments.
Ten gravid females were randomly selected from our laboratory colony and released into a 30 ϫ 30 ϫ 30 cm 3 cage connected to a Y-shaped tunnel. All experimental ßies were Ϸ2-wk-old after emergence without oviposition experience before. Gestation of a female ßy was recognized by its extremely expanded abdomen and extruded ovipositor (Erzinçlioglu 1996) . Each side of the tunnel was 20.0 cm long and 9.0 cm in diameter. The tunnels were linked with plastic jars on both sides. The diameter of the jar was 11.3 cm, and it was 8.6 cm high (Fig. 1) . The experimental device was placed in an independent walk-in growth chamber with 28 Ϯ 0.5ЊC and a controlled photoperiod. Females could choose from pork livers of different conditions. The tunnels were rotated stochastically in each experiment to prevent the bias of the device. Each experiment proceeded for 48 h, through two complete photoperiods. Eggs laid by females were collected by tweezers and brushes, and egg number was manually counted. If the eggs hatched, the larval number was counted as a substitute for egg number. To prevent any residual odor, disposable plastic jars were used only once for each experiment.
Control Treatment. To make sure there was no signiÞcant bias between the two sides of the device, the control group experiments were repeated thirty times for each blow ßy species, which only 100 g fresh pork liver was set up on both sides of the tunnels. Results suggested that there was no signiÞcant difference between the two sides of our device to both C. megacephala (P ϭ 0.3938) and C. rufifacies (P ϭ 0.5637).
Oviposition Preference of C. megacephala 1. Pork liver with and without conspeciÞc larvae of C. megacephala was provided as choices for females.
To test the oviposition preference of C. megacephala females between oviposition media with and without conspeciÞc larvae, 100 g of pork liver was provided in each of two jars, and the pork liver in one jar was accompanied by 50 third-instar larvae of C. megacephala. The larvae were placed on the pork liver 30 min before the experiment started. This step was applied in the following experimental treatments simi- larly hereinafter. Thirty replications were performed for this experiment.
2. Pork liver with and without C. rufifacies larvae was provided as choices for C. megacephala females.
To test the oviposition preference of C. megacephala females between oviposition media with and without C. rufifacies larvae, 100 g of pork liver was provided in each of two jars, and one had 50 third-instar larvae of C. rufifacies. Thirty replications were preformed for this experiment.
3. Pork liver with and without Hemipyrellia ligurriens (Wiedmann) larvae was provided as choices for C. megacephala females.
To test the oviposition preference of C. megacephala females between oviposition media with and without H. ligurriens larvae as a contrast to the other two species mentioned above, 100 g of pork liver was placed in each of two jars of the device, and one had 50 third instars of H. ligurriens larvae. Thirty replications were preformed for this experiment.
4. Pork liver of different sizes was provided as choices for C. megacephala females.
To test the oviposition preference of C. megacephala females between oviposition media of different sizes, 100 g of pork liver in one side of the device, and 10, 30, or 200 g pork liver in the other side were provided. This oviposition preference experiment was repeated 30 times between 100 and 10 g of liver, 18 times between 100 and 30 g of pork liver, and 10 times between 100 and 200 g of pork liver. 5. Pork liver of different decayed stages was provided as choices for C. megacephala females.
To test the oviposition preference of C. megacephala females between oviposition media at different stages of decay, 100 g of fresh pork liver in one jar of the device, and 2-or 4-d-old pork liver in the other jar were provided. Each decayed pork liver was previously stored in a plastic container covered with nylon gauze at 28 Ϯ 0.5ЊC for 2 or 4 d before experiment. The experiment of oviposition preference was repeated 19 times between the fresh and 2-d-old liver, and 25 times between the fresh and 4-d-old liver.
6. Pork liver with and without treatment of 4-d feeding by C. rufifacies larvae was provided as choices for C. megacephala females.
To test the oviposition preference of C. megacephala females between oviposition media with and without the feeding remains of C. rufifacies, 100 g of fresh pork liver in one jar of the device, and pork liver which had previously been fed on by C. rufifacies larvae (beginning from the Þrst to third instars) for 4 d and then larvae were removed in the other side were provided. Twenty-four replications were preformed for this experiment.
7. Four-day-old decayed pork liver with and without C. rufifacies larvae was provided as choices for C. megacephala females.
To test the oviposition preference of C. megacephala females between 4-d-old decayed oviposition media with and without C. rufifacies larvae, 100 g of 4-d-old pork liver in one jar of the device, and pork liver that had been fed on by C. rufifacies larvae for 4 d and larvae still remained on it in the other side were provided. This experiment was repeated 10 times.
8. Pork liver with and without C. rufifacies larvae was provided as choices for C. megacephala females under dark conditions.
To test if the oviposition preference of C. megacephala females between oviposition media with and without C. rufifacies larvae was affected under dark conditions, 100 g of pork liver in the two jars of the device were provided, and one was accompanied by 50 third-instar larvae of C. rufifacies. This experiment was repeated 10 times. 9. Pork liver of different sizes was provided as choices for C. megacephala females under dark conditions.
To test if the oviposition preference of C. megacephala females between oviposition media of different sizes was affected by dark conditions, 100 g of pork liver in one jar of the device, and 10 g of pork liver in the other one were provided. This experiment was repeated 42 times.
Oviposition Preference of C. rufifacies. The same experimental designs as those used for testing the oviposition preference of C. megacephala were performed, except for some different replication numbers in the experiments. H. ligurriens larvae were not used to test the oviposition preference of C. rufifacies.
Data Analysis. The oviposition preferences of the two blow ßy species were analyzed using the Wilcoxon matched paired signed rank test (Wilcoxon 1945) in the statistical software SAS (SAS Institute Inc. 2006).
Results
Oviposition Preference of C. megacephala 1. Providing pork liver with and without conspeciÞc larvae of C. megacephala as choices for females.
In this experiment, average egg numbers of each 10 C. megacephala females were 116.6 Ϯ 161.7 on media with conspeciÞc larvae and 137.3 Ϯ 121.2 on media without larvae. C. megacephala showed no signiÞcant oviposition preference between pork liver with and without conspeciÞc larvae (P ϭ 0.1167) ( Fig. 2A ).
2. Providing pork liver with and without C. rufifacies larvae as choices for C. megacephala females.
The mean egg number of each 10 C. megacephala females laying on media with C. rufifacies larvae was 55.6 Ϯ 76.4, and the number on media without larvae was 109.8 Ϯ 109.4. C. megacephala females signiÞcantly preferred to lay eggs on pork liver without C. rufifacies larvae (P ϭ 0.0265) (Fig. 3A) .
The mean egg number of each 10 C. megacephala females laying on media with H. ligurriens larvae was 148.8 Ϯ 134.0, and the number on media without larvae was 133.4 Ϯ 113.2. C. megacephala showed no significant oviposition preference between pork liver with and without H. ligurriens larvae (P ϭ 0.5775) (Fig. 4 ).
Providing pork liver of different sizes as choices for
C. megacephala females.
In the experiment of the preference between 100 and 10 g of media, the mean egg number of each 10 C. megacephala females laying on 10 g of media was 71.2 Ϯ 74.5, and the number on 100 g of media was 356.2 Ϯ 177.5. Females of C. megacephala showed a signiÞcant oviposition preference for the larger piece of pork liver (P Ͻ 0.0001) (Fig. 5A) .
In the experiment of the preference between 100 and 30 g of media, the mean egg number of each 10 C. megacephala females laying on 30 g of media was 176.2 Ϯ 95.7, and the number on 100 g of media was 293.4 Ϯ 135.3. Females of C. megacephala showed no signiÞcant oviposition preference for the larger piece of pork liver (P ϭ 0.2059) (Fig. 6A) .
In the experiment of the preference between 100 and 200 g of media, the mean egg number of each 10 C. megacephala females laying on 200 g of media was 245.4 Ϯ 131.5, and the number on 100 g of media was 152.4 Ϯ 141.9. Females of C. megacephala showed no Fig. 2 . Comparison of average egg numbers of two blow ßy species laid when pork liver with conspeciÞc larvae (left bar) and pork liver only (right bar) were provided as choices; 10 females were tested per set. (A) Results for C. megacephala; C. megacephala showed no signiÞcant oviposition preference between pork liver with or without conspeciÞc larvae (P ϭ 0.1167) (n ϭ 30). (B) Results for C. rufifacies; C. rufifacies showed a signiÞcant oviposition preference for pork liver with conspeciÞc larvae (P ϭ 0.0076) (n ϭ 21). Error bar ϭ SD (**P Ͻ 0.01).
Fig. 3.
Comparison of average egg numbers of two blow ßy species laid when pork liver with larvae of another species (left bar) and pork liver only (right bar) were provided as choices; 10 females were tested per set. (A) Results for C. megacephala; C. megacephala showed a signiÞcant oviposition preference for pork liver without larvae of C. rufifacies (P ϭ 0.0265) (n ϭ 30). (B) Results for C. rufifacies; C. rufifacies showed a signiÞcant oviposition preference for pork liver with larvae of C. megacephala (P ϭ 0.0196) (n ϭ 10). Error bar ϭ SD (*P Յ 0.05).
signiÞcant oviposition preference between 100 and 200 g of pork liver (P ϭ 0.3458) (Fig. 6B ).
5. Providing pork liver at different stages of decay as choices for C. megacephala females.
In the experiment of the preference between 2-dold and fresh media, the mean egg number of each 10 C. megacephala females laying on 2-d-old media was 365.3 Ϯ 380.6, and the number on fresh media was 337.2 Ϯ 195.7. Females of C. megacephala showed no signiÞcant oviposition preference between 2-d-old and fresh pork liver (P ϭ 0.8185) (Fig. 7) .
In the experiment of the preference between 4-dold and fresh media, the mean egg number of each 10 C. megacephala females laying on 4-d-old media was 130.1 Ϯ 141.5, and the number on fresh media was 76.0 Ϯ 78.8. Females of C. megacephala showed no signiÞcant oviposition preference between 4-d-old and fresh pork liver (P ϭ 0.1336) (Fig. 8A ).
6. Providing pork liver with and without the treatment of 4-d feeding by C. rufifacies larvae as choices for C. megacephala females.
The mean egg number of each 10 C. megacephala females laying on media that was previously treated by 4 d of feeding by C. rufifacies larvae was 212.8 Ϯ 140.2, and the number on fresh media was 178.6 Ϯ 146.4. Females of C. megacephala showed no signiÞcant oviposition preference between pork liver with and without C. rufifacies larval feeding treatment (P ϭ 1) (Fig. 9A ).
Providing 4-d decayed pork liver with and without
C. rufifacies larvae as choices for C. megacephala females.
The mean egg number of each 10 C. megacephala females laying on 4-d-old decayed media with C. rufifacies larvae was 16.7 Ϯ 24.5, and the number on media without larvae was 172.4 Ϯ 203.2. Females of C. megacephala showed a signiÞcant oviposition preference for 4-d-old decayed pork liver without C. rufifacies larvae (P ϭ 0.0455) (Fig. 10 ).
8. Providing pork liver with and without C. rufifacies larvae as choices for C. megacephala females under dark conditions.
The mean egg number of each 10 C. megacephala females laying on media with C. rufifacies larvae in the dark was 169.9 Ϯ 160.5, and the number on media without larvae was 281.3 Ϯ 170.9. Females of C. megacephala showed no oviposition preference between pork liver with and without C. rufifacies larvae (P ϭ 0.5271) (Fig. 11A ). This result differed from the same experiment which was performed with a 12-h photoperiod (Fig. 11a). 9. Providing pork liver of different sizes as choices for C. megacephala females under dark conditions. Fig. 4 . Average egg numbers of C. megacephala laid when pork liver with H. ligurriens larvae (left bar) and pork liver only (right bar) were provided as choices; 10 females were tested per set. C. megacephala showed no signiÞcant oviposition preference between pork liver with or without H. ligurriens larvae (P ϭ 0.5775) (n ϭ 30). Error bar ϭ SD. The mean egg number of each 10 C. megacephala females laying on 10 g of media in the dark was 76.3 Ϯ 101.6, and the number on 100 g of media was 252.6 Ϯ 130.5. Females of C. megacephala showed a signiÞcant oviposition preference for the larger pork liver (P Ͻ 0.0001) (Fig. 12A) under dark conditions. This result was similar to the same experiment which was performed with a 12-h photoperiod (Fig. 12a) .
Oviposition Preference of C. rufifacies 1. Providing pork liver with and without conspeciÞc larvae of C. rufifacies as choices for females.
In this experiment, the mean egg number of each 10 C. rufifacies females laying on media with conspeciÞc larvae was 143.7 Ϯ 131.9, and the number on media without larvae was 33.3 Ϯ 66.6. Females of C. rufifacies showed a signiÞcant oviposition preference for pork liver with conspeciÞc larvae (P ϭ 0.0076) (Fig. 2B ).
2. Providing pork liver with and without C. megacephala larvae as choices for C. rufifacies females.
The mean egg number of each 10 females of C. rufifacies laying on media with C. megacephala larvae was 167.7 Ϯ 126.1, and the number on media without larvae was 59.7 Ϯ 106.4. Females of C. rufifacies showed a signiÞcant oviposition preference for pork liver with C. megacephala larvae (P ϭ 0.0196) (Fig. 3B ).
Providing pork liver of different sizes as choices for
C. rufifacies females.
The mean egg number of each 10 females of C. rufifacies laying on 10 g of media was 34.5 Ϯ 61.5, and the number on 100 g of media was 199.3 Ϯ 154.3. Females of C. rufifacies showed a signiÞcant oviposition preference for the larger pork liver (P ϭ 0.0002) (Fig. 5B ).
Providing pork liver of different decayed stages as choices for C. rufifacies females.
The mean egg number of each 10 C. rufifacies females laying on 4-d-old media was 77.3 Ϯ 83.4, and the number on fresh media was 126.7 Ϯ 114.7. Females of C. rufifacies showed no signiÞcant oviposition preference between 4-d-old and fresh pork liver (P ϭ 0.2888) (Fig. 8B) .
5. Providing pork liver with and without treatment of 4 d of feeding by C. megacephala larvae as choices for C. rufifacies females.
The mean egg number of each 10 C. rufifacies females laying on media with 4 d of feeding treatment by C. megacephala larvae was 158.0 Ϯ 142.6, and the number on fresh media was 147.8 Ϯ 126.9. Females of C. rufifacies showed no signiÞcant oviposition prefer- ence between pork liver with and without treatment with 4 d of larval feeding by C. megacephala (P ϭ 1) (Fig. 9B ).
6. Providing pork liver with and without conspeciÞc larvae as choices for C. rufifacies females under dark conditions.
The mean egg number of each 10 C. rufifacies females laying on media with conspeciÞc larvae in the dark was 104.9 Ϯ 89.8, and the number on media without larvae was 113.3 Ϯ 136.5. Females of C. rufifacies showed no oviposition preference between pork liver with and without conspeciÞc larvae (P ϭ 0.5930) (Fig. 11B ). This result differed from the same experiment performed with a 12-h photoperiod (Fig. 11b ).
Providing pork liver of different sizes as choices for
C. rufifacies females under dark conditions.
The mean egg number of each 10 C. rufifacies females laying on 10 g of media in the dark was 7.4 Ϯ 23.4, and the number on 100 g of media was 156.8 Ϯ 115.4. Females of C. rufifacies showed a signiÞcant oviposition preference for the larger pork liver (P ϭ 0.0027) (Fig. 12B) . This result was similar to the same experiment performed with a 12-h photoperiod (Fig. 12b) .
Discussion
Influence of Intra-and Interspecific Interactions. According to the results, when we provided oviposition media with and without larvae of C. rufifacies from which C. megacephala females could choose, they signiÞcantly preferred to deposit eggs on medium without larvae. On the contrary, when provided oviposition media with and without C. megacephala larvae as choices for C. rufifacies females, they signiÞcantly preferred to deposit eggs on media with larvae. We inferred that the oviposition preference of C. megacephala and C. rufifacies was inßuenced by the presence of the larvae of other species. In the Þeld, second-, and third-instar larvae of C. rufifacies will prey on larvae of C. megacephala as an alternative food resource (Baumgartner 1993) . This may have caused the evolution of C. rufifacies oviposition preference. And C. megacephala may also have evolved the oviposition strategy to escape from C. rufifacies and reduce the predation risk when they are sympatric. Wells and Kurahashi (1997) pointed out that the sympatric evolution of these two species caused the larvae of C. megacephala to resist predation by C. rufifacies more than other blow ßy species. The adult oviposition preference may have passed through the same evolutionary trait and resulted in the present phenomenon. Chrysomya albiceps (Wiedemann), an ecologically similar species to C. rufifacies, which also showed facultative predation in the immature stages, can also affect the oviposition of C. megacephala (Gião and Godoy 2007) . Except for the co-evolution of prey and predator, interspeciÞc competition could be another possible reason for the oviposition preference of C. megacephala. Shiao and Yeh (2008) suggested that intraspeciÞc competition of C. megacephala will reduce the adult dry weight and survivorship, while interspeciÞc competition between C. megacephala and C. rufifacies was much stronger than intraspeciÞc competition. C. megacephala might have evolved this oviposition preference to reduce adverse effects caused by interspeciÞc competition with C. rufifacies.
Our results suggest that there was no signiÞcant difference when media with and without conspeciÞc larvae were provided to C. megacephala females as choices on which to lay eggs. We inferred that conspeciÞc larvae did not greatly inßuence the oviposition preference of C. megacephala. Although competition might be a very important factor affecting blow ßy Þtness, when the larval density was higher, a negative correlation was shown between density and survivorship, but when the density was lower, the dependence between density and survivorship was not signiÞcant (Reigada and Godoy 2006, Shiao and Yeh 2008) . In this test, the conspeciÞc larval density might not have reached the competitive stress threshold that would inßuence the oviposition preference of C. megacephala. More-intensive experiments are necessary to conÞrm whether this oviposition preference would be affected when the larval density was higher.
For C. rufifacies, females signiÞcantly preferred to lay eggs on media with conspeciÞc larvae. Some cases suggested that the saliva of massive larvae can enhance the efÞciency of feeding, thus a large number of larvae may contribute to their growth (Goodbrod and Goff 1990 ). In the case of C. rufifacies, this effect might have been greater than the pressure of intraspeciÞc competition, thus causing this result. Furthermore, C. rufifacies exhibits cannibalistic behavior, and conspeciÞc larvae may also be another alternative food resource.
The results also suggested that when media were provided with and without larvae of H. ligurriens to test the oviposition preference of C. megacephala, no signiÞcant preference was observed. We inferred that the presence of H. ligurriens larvae did not strongly affect the oviposition preference of C. megacephala. According to Þeld surveys and laboratory observations, the developmental and feeding rates of C. megacephala larvae are far faster than those of H. ligurriens, and the body size of C. megacephala is larger than that of H. ligurriens. According to Chang (2003) , C. megacephala is the most dominant necrophagous blow ßy species in northern Taiwan. It is possible that in the Þeld, H. ligurriens has no competitive advantage over C. megacephala. This may have produced the outcome of the presence of H. ligurriens larvae showing no effect on the oviposition preference of C. megacephala.
Influence of Media Size. Both C. megacephala and C. rufifacies females signiÞcantly preferred to lay eggs on 100 g of pork liver compared with 10 g of pork liver. These results could Þt the ideal free distribution model, which means the oviposition distribution of a female is affected by the richness of the resource (Fretwell and Lucas 1970) . But when providing 100 and 200 g, and 100 and 30 g of pork liver as choices for C. megacephala, no significant preference was shown. We inferred that pork liver of these quantities can meet the demands for all larvae to grow in our experimental device; therefore, females showed no preference between the two different sizes of pork liver.
Influence of the Media at Different Stages of Decay. No signiÞcant difference was shown between egg numbers on 2-d-old and fresh pork liver; and no difference was seen between 4-d-old and fresh pork liver either. In general, carcasses in different stages of decay will attract different insect species, and each species has its own favorable appearance time during the carrion faunal succession. However, our results did not entirely agree with this point; female Fig. 10 . Average egg numbers of C. megacephala females when 4-d-old pork liver and 4-d-old pork liver with larvae of C. rufifacies were provided as choices; 10 females were tested per set. C. megacephala showed a signiÞcant oviposition preference for pork liver without larvae (P ϭ 0.0455) (n ϭ 10). Error bar ϭ SD (*P Ͻ 0.05).
blow ßies almost equally accepted up to 4-d-old decayed pork livers as they did fresh ones as oviposition media. Based on a similar study by Lane et al. (2006) , there was no difference in either species diversity or abundance of blow ßies between a fresh possum carcass and a 15-d-old carcass that was originally covered with nets for 15 d to avoid colonization by necrophagous insects and then removed.
When provided with 4-d-old media with and without the larvae of C. rufifacies as choices for C. megacephala, C. megacephala signiÞcantly preferred to deposit eggs on media without larvae. This result is identical to that of the fresh media test. From the results, we can understand that over a given time, the inßuence of the presence of C. rufifacies larvae is more important than that of the stage of decay of the media on the oviposition preference of C. megacephala. We concluded that the possible key factor that triggers the blow ßies to lay eggs on a carcass is the fact that there are no or fewer maggots on the carcass rather than it being in the fresh stage.
Influence of the Presence of Larval Feeding Remains. When fresh media and media after 4 d of feeding by C. rufifacies were provided as choices for C. megacephala, no signiÞcant difference was observed. And similar results appeared in the test of C. rufifacies. Blow ßies are thought to use olfactory cues to search for oviposition media (Erzinç liog lu 1996) . However, visual cues may be an important Fig. 11 . Comparison of blow ßy oviposition preferences when pork liver with and without larvae were provided with a 12-h photoperiod and a totally dark environment; 10 females were tested per set. (A) When pork liver with C. rufifacies larvae (left bar) and pork liver only (right bar) were provided as choices for C. megacephala females in a dark environment, C. megacephala showed no signiÞcant oviposition preference between pork liver with and without larvae (P ϭ 0.5271) (n ϭ 10). (a), Comparison of the results with a 12-h photoperiod and a totally dark environment. C. megacephala showed a signiÞcant oviposition preference with a 12-h photoperiod, but no signiÞcant oviposition preference in a dark environment. (B) When pork liver only (left bar) and pork liver with conspeciÞc larvae (right bar) were provided for C. rufifacies females as choices, C. rufifacies showed no signiÞcant oviposition preference between pork liver with and without conspeciÞc larvae under dark conditions (P ϭ 0.5930) (n ϭ 10). (b), Comparison of the results under a 12-h photoperiod and a totally dark environment. C. rufifacies showed a signiÞcant oviposition preference under a 12-h photoperiod, but no signiÞcant preference under a dark environment. Error bar ϭ SD (*P Ͻ 0.05; **P Ͻ 0.01).
factor that blow ßies use to search for oviposition media, especially over short distances (Wall and Fisher 2001) . Gomes et al. (2007) suggested that olfactory cues may be the inducement to land on oviposition medium, but visual cues are key factors for blow ßies to decide to land or not. In this case, because feeding larvae were removed, the blow ßies could not detect the presence of larvae on the media and treated it as a nonfeeding one. Therefore, no difference in the number of eggs laid was observed on media in different states.
Influence of the Dark Environment. When the preference between 100 and 10 g pork liver was tested under dark conditions, the results were similar to those under lighted conditions. Females signiÞcantly preferred to lay eggs on larger ones. We inferred that blow ßies might detect the size of oviposition media by olfactory or tactile cues. However, when the preference between media with and without C. rufifacies larvae was tested under dark conditions, females of both species showed no preference between these two choices. We believe that darkness inßuenced the choice to media with or without larvae made by females. According to previous studies (Gomes et al. 2007 ) and these results, it is possible that visual cues might be used by blow ßies to recognize larvae on a corpse. In the dark environment, females could not tell media with or without larvae apart, thus showing no preference.
It was long considered that cues for carrion detection by blow ßies are likely the odor produced by the decomposing carrion, including volatile chemicals for long-distance cues and the low-volatility decomposition products, allelochemicals released by microbial colonists, or kairomones released by conspeciÞc or heterospeciÞc blow ßies or other saprophages for Fig. 12 . Comparison of blow ßy oviposition preferences when different sizes of pork liver were provided as choices between a 12-h photoperiod and a totally dark environment; 10 females were tested per set. (A) When 100 (left bar) and 10 g (right bar) of pork liver were provided as choices for C. megacephala females in the dark, C. megacephala signiÞcantly preferred to deposit eggs on 100 g of pork liver (P Ͻ 0.0001) (n ϭ 42). (a), Comparison of the results under a 12-h photoperiod and a totally dark environment. C. megacephala showed a signiÞcant oviposition preference for 100 g of pork liver in both a 12-h photoperiod and a dark environment. (B) When 100 (left bar) and 10 g (right bar) of pork liver were provided as choices for C. rufifacies females, C. rufifacies signiÞcantly preferred to oviposit on 100 g of pork liver in the dark (P ϭ 0.0027) (n ϭ 10). (b), Comparison of the results under a 12-h photoperiod and a totally dark environment. C. rufifacies showed a signiÞcant oviposition preference for 100 g of pork liver in both the 12-h photoperiod and the dark environment. Error bar ϭ SD (**P Ͻ 0.01).
short-distance cues (Tomberlin et al. 2011 ). However, here we conÞrm the possibility that female blow ßies use visual cues during oviposition, especially when judging if inter-or intraspeciÞc larvae exist on the oviposition media. We believe that visual cues are an additional factor used by blow ßies after they detect and locate a carcass, and probably play an important role during the resource evaluation phase by blow ßies. It was amazing that blow ßies could detect the presence of larvae on media and also could accurately identify them as potential competitors, predators, or prey. So far, we do not yet understand how a blow ßy can discriminate different media sizes or resource abundances in the dark. Obviously, visual cues did not work in this situation, and probably tactile or olfactory senses were involved in that evaluation mechanism.
Combining the results of oviposition preference tests for these two species, we found that oviposition preferences were indeed shown by blow ßies. The results Þt the P-P hypothesis proposed by Rausher (1983) . However, the strategies differed in different species. Oviposition behavior involves many complicated mechanisms, and there are several factors that may affect oviposition. Generally, after the Þrst ßies colonized the carrion, the decision to lay or not lay eggs on the carrion for secondary or later-arriving ßies would be highly controlled by their oviposition preferences, and these also decide the ongoing age distribution of larvae of the next generation. We presume that if a carcass is kept in the dark for a long time, the ages of blow ßy larvae on it will be very diverse, because an important visual cue for oviposition is unavailable. Female ßies will continually lay eggs on the carcass that is already occupied by other maggots. We think this diverse larval age distribution on a corpse will cause the difÞculty of larval sampling during forensic investigation, and further affect the accuracy of PMI estimations. However, different stages of decayed ßesh did not alter the oviposition preference of blow ßies if the ßesh was free of larvae. This phenomenon tells us the importance of the early time period of a carcass with no ßies, or the exposure phase before insects detect the presence of a body (Tomberlin et al. 2011) . Because the different degrees of decay of a body do not greatly affect the oviposition behavior of blow ßies, it reminds us that the beginning no-ßy period should be carefully included to prevent underestimating the PMI. This study conÞrmed different blow ßy oviposition preferences for various states of oviposition media. This might cause a delay in oviposition by blow ßies on a corpse, and thus affect the accuracy of PMI estimations.
In our results, we found that despite signiÞcant at times, there is high level of variation in the replications. According to Esser (1990) , several blow ßy females will deposit their eggs on the same location of corpse in the Þeld. We presume that there might be some gregarious oviposition effects in the experiments to inßuence the egg number in our results. Oviposition is the very Þrst step in activating the colonization history of blow ßies on a carcass, and is also the starting point for using insect developmental data to predict the PMI. Nevertheless, impacts of oviposition preferences on PMI estimations are still not understood well enough. In addition, there are many biotic and abiotic factors that may affect the oviposition of blow ßies. For example, the microorganisms on the corpse might strongly inßuence the growth of maggots (Barnes et al. 2010) . The bacterial activity on the corpse might thus also be one of the important factors on the blow ßy oviposition. Although some factors such as temperature, or the cover of corpse had been well-studied (Amendt et al. 2004 ), more studies on other possible biotic and abiotic factors are necessary to reveal this sophisticated system.
